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(57) A communication interface apparatus (610) in a
tank gauging system (600). The communication interface
includes a memory (210) and a processor (202) coupled
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Description
TECHNICAL FIELD

[0001] This disclosure relates generally to tank farm
gauging systems. More specifically, this disclosure re-
lates to a method and apparatus of wired and wireless
tank gauging systems on a flexible common gateway
hardware.

BACKGROUND

[0002] Tank gauging is important for determining the
contents of a tank. The accurate reading of the contents
of a tank also enhances tank inventory control and tank
farm management. Tank gauging can provide accurate
readings in difficult applications and can prevent the need
for a costly stilling well.

SUMMARY

[0003] Thisdisclosure provides amethod ofintegrating
wired and wireless tank gauging systems on flexible com-
mon gateway hardware.

[0004] In a first embodiment, a communication inter-
face (CIU) apparatus in a tank gauging system includes
a memory and a processor coupled to the memory. The
processor communicate using a control application with
a tank inventory system that operates over a serial con-
nection; and communicate using a wireless application
with tank gauging equipment that operates over a wire-
less connection.

[0005] In a second embodiment, a tank gauging sys-
tem includes a tank inventory system, a tank gauging
system, and a communication interface apparatus. The
tank inventory system monitors an inventory in a tank.
The tank gauging equipment measures a level of the in-
ventory in the tank. The communication interface appa-
ratus communicates using a control application with a
tank inventory system that operates over a serial con-
nection; and communicates using a wireless application
with tank gauging equipment that operates over a wire-
less connection.

[0006] In athird embodiment, a method includes com-
municating using a control application with a tank inven-
tory system that operates over a serial connection; and
communicating using a wireless application with tank
gauging equipment that operates over a wireless con-
nection.

[0007] Other technical features may be readily appar-
ent to one skilled in the art from the following figures,
descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fora more complete understanding of this dis-
closure, reference is now made to the following descrip-
tion, taken in conjunction with the accompanying draw-
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ings, in which:

FIGURE 1 illustrates an example industrial process
control and automation system 100 according to this
disclosure;

FIGURE 2 illustrates example devices for user
processing the operational status of devices accord-
ing to this disclosure;

FIGURE 3A illustrates an example tank farm archi-
tecture with a tank farm gateway control interface
unit (CIU) according to this disclosure;

FIGURE 3B illustrates an example Enraf solution ac-
cording to this disclosure;

FIGURE 4A illustrates an example WDM hardware
incorporating a ClU application and an Enraf/CIU in-
terface application according to this disclosure;
FIGURE 4B illustrates an example tank farm archi-
tecture with a WDM hardware incorporating a CIU
application and an Enraf/CIU interface application
according to this disclosure;

FIGURE 5A illustrates an example CIU hardware in-
corporating a ClU application and wireless applica-
tions according to this disclosure;

FIGURE 5B illustrates an example tank farm archi-
tecture with a CIU hardware incorporating a CIU ap-
plication and onewireless applications according to
this disclosure;

FIGURE 6 illustrates a hybrid CIU hardware with
wired and wireless gauge support according to this
disclosure; and

FIGURE 7 illustrates an example method for wired
and wireless tank gauging systems on aflexible com-
mon gateway hardware according to this disclosure.

DETAILED DESCRIPTION

[0009] FIGURES 1 through 7, discussed below, and
the various embodiments used to describe the principles
of the present disclosure in this patent document are by
way of illustration only and should not be construed in
any way to limit the scope of the disclosure. Those skilled
in the art will understand that the principles of the present
disclosure may be implemented in any type of suitably
arranged device or system.

[0010] FIGURE 1 illustrates an example industrial
process control and automation system 100 according
to this disclosure. As shown in FIGURE 1, the system
100 includes various components that facilitate produc-
tion or processing of at least one product or other mate-
rial. Forinstance, the system 100 can be used to facilitate
control over components in one or multiple industrial
plants. Each plant represents one or more processing
facilities (or one or more portions thereof), such as one
or more manufacturing facilities for producing at least
one product or other material. In general, each plant may
implement one or more industrial processes and can in-
dividually or collectively be referred to as a process sys-
tem. A process system generally represents any system
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or portion thereof configured to process one or more
products or other materials in some manner.

[0011] In FIGURE 1, the system 100 includes one or
more sensors 102a and one or more actuators 102b. The
sensors 102a and actuators 102b represent components
in a process system that may perform any of a wide va-
riety of functions. For example, the sensors 102a could
measure a wide variety of characteristics in the process
system, such as flow, pressure, or temperature. Also, the
actuators 102b could alter a wide variety of characteris-
tics in the process system, such as valve openings. Each
of the sensors 102a includes any suitable structure for
measuring one or more characteristics in a process sys-
tem. Each of the actuators 102b includes any suitable
structure for operating on or affecting one or more con-
ditions in a process system.

[0012] Atleast one network 104 is coupled to the sen-
sors 102a and actuators 102b. The network 104 facili-
tates interaction with the sensors 102a and actuators
102b. For example, the network 104 could transport
measurement data from the sensors 102a and provide
control signals to the actuators 102b. The network 104
could represent any suitable network or combination of
networks. As particular examples, the network 104 could
represent at least one Ethernet network (such as one
supporting a FOUNDATION FIELDBUS protocol), an
electrical signal network (such as a HART network), a
pneumatic control signal network, a wireless network, or
any other or additional type(s) of network(s).

[0013] The system 100 also includes various control-
lers 106. The controllers 106 can be used in the system
100 to perform various functions in order to control one
or more industrial processes. For example, a first set of
controllers 106 may use measurements from one or more
sensors 102a to control the operation of one or more
actuators 102b. A second set of controllers 106 could be
used to optimize the control logic or other operations per-
formed by the first set of controllers. A third set of con-
trollers 106 could be used to perform additional functions.
The controllers 106 could therefore support a combina-
tion of approaches, such as regulatory control, advanced
regulatory control, supervisory control, and advanced
process control.

[0014] Each controller 106 includes any suitable struc-
ture for controlling one or more aspects of an industrial
process. At least some of the controllers 106 could, for
example, represent proportional-integral-derivative
(PID) controllers or multivariable controllers, such as con-
trollers implementing model predictive control or other
advanced predictive control. As a particular example,
each controller 106 could represent a computing device
running a real-time operating system, a WINDOWS op-
erating system, or other operating system.

[0015] Atleastone network 108 couples the controllers
106 and other devices in the system 100. The network
108 facilitates the transport of information between com-
ponents. The network 108 could represent any suitable
network or combination of networks. As particular exam-
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ples, the network 108 could represent at least one Eth-
ernet network.

[0016] Operatoraccess to and interaction with the con-
trollers 106 and other components of the system 100 can
occur via various operator consoles 110. Each operator
console 110 could be used to provide information to an
operator and receive information from an operator. For
example, each operator console 110 could provide infor-
mation identifying a current state of an industrial process
to the operator, such as values of various process vari-
ables and warnings, alarms, or other states associated
with the industrial process. Each operator console 110
could also receive information affecting how the industrial
process is controlled, such as by receiving setpoints or
control modes for process variables controlled by the
controllers 106 or other information that alters or affects
how the controllers 106 control the industrial process.
Each operator console 110 includes any suitable struc-
ture for displaying information to and interacting with an
operator. For example, each operator console 110 could
represent a computing device running a WINDOWS op-
erating system or other operating system.

[0017] Multiple operator consoles 110 can be grouped
together and used in one or more control rooms 112.
Each control room 112 could include any number of op-
erator consoles 110in any suitable arrangement. Insome
embodiments, multiple control rooms 112 can be used
to control an industrial plant, such as when each control
room 112 contains operator consoles 110 used to man-
age a discrete part of the industrial plant.

[0018] The control and automation system 100 here
also includes at least one historian 114 and one or more
servers 116. The historian 114 represents a component
that stores various information about the system 100.
The historian 114 could, for instance, store information
that is generated by the various controllers 106 during
the control of one or more industrial processes. The his-
torian 114 includes any suitable structure for storing and
facilitating retrieval of information. Although shown as a
single component here, the historian 114 could be locat-
ed elsewhere in the system 100, or multiple historians
could be distributed in different locations in the system
100.

[0019] Each server 116 denotes a computing device
that executes applications for users of the operator con-
soles 110 or other applications. The applications could
be used to support various functions for the operator con-
soles 110, the controllers 106, or other components of
the system 100. Each server 116 could represent a com-
puting device running a WINDOWS operating system or
other operating system. Note that while shown as being
local within the control and automation system 100, the
functionality of the server 116 could be remote from the
control and automation system 100. For instance, the
functionality of the server 116 could be implemented in
a computing cloud 118 or a remote server communica-
tively coupled to the control and automation system 100
via a gateway 120.
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[0020] The sensors 102ain FIGURE 1 include atleast
one level meter that captures measurements of material
stored in a tank. The sensors 102a can communicate
wirelessly with a tank gauging system. The sensor read-
ings are processed and transmitted to a tank inventory
system over a serial connection.

[0021] Although FIGURE 1 illustrates one example of
anindustrial process control and automation system 100,
various changes may be made to FIGURE 1. For exam-
ple, the system 100 could include any number of sensors,
actuators, controllers, networks, operator stations, con-
trol rooms, historians, servers, and other components.
Also, the makeup and arrangement of the system 100 in
FIGURE 1 is for illustration only. Components could be
added, omitted, combined, further subdivided, or placed
in any other suitable configuration according to particular
needs. Further, particular functions have been described
as being performed by particular components of the sys-
tem 100. This is for illustration only. In general, control
and automation systems are highly configurable and can
be configured in any suitable manner according to par-
ticular needs. In addition, FIGURE 1 illustrates one ex-
ample operational environment where at least one flow
meter can be monitored. This functionality can be used
in any other suitable system, and that system need not
be used for industrial process control and automation.
[0022] FIGURE 2 illustrates example devices for user
processing the operational status of devices according
to this disclosure. In particular, FIGURE 2 illustrates an
example computing device 200. In some embodiments,
the computing device 200 could denote an operator sta-
tion, server, aremote serveror device, or amobile device.
The computing device 200 could be used to run applica-
tions. The computing device 200 could be used to per-
form one or more functions, such as monitoring vibrations
of a gas pressure regulator, generating and transmitting
a notification based on the operational status of a gas
pressure regulator, or recording and transmitting the vi-
brations associated with a gas pressure regulator. For
ease of explanation, the computing device 200 is de-
scribed as being used in the system 100 of FIGURE 1,
although the device could be used in any other suitable
system (whether or not related to industrial process con-
trol and automation).

[0023] As shown in FIGURE 2, the computing device
200 includes at least one processor 202, at least one
storage device 204, at least one communications unit
206, and at least one input/output (I/O) unit 208. Each
processor 202 can execute instructions, such as those
that may be loaded into a memory 210. Each processor
202 denotes any suitable processing device, such as one
or more microprocessors, microcontrollers, digital signal
processors, application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), or dis-
crete circuitry.

[0024] The memory 210 and a persistent storage 212
are examples of storage devices 204, which represent
any structure(s) configured to store and facilitate retrieval
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of information (such as data, program code, and/or other
suitable information on a temporary or permanent basis).
The memory 210 may represent a random access mem-
ory or any other suitable volatile or non-volatile storage
device(s). The persistent storage 212 may contain one
or more components or devices supporting longer-term
storage of data, such as aread-only memory, hard drive,
Flash memory, or optical disc.

[0025] The communications unit206 supports commu-
nications with other systems or devices. For example,
the communications unit 206 could include at least one
network interface card or wireless transceiver facilitating
communications over at least one wired or wireless net-
work. The communications unit 206 may support com-
munications through any suitable physical or wireless
communication link(s).

[0026] The I/O unit 208 allows for input and output of
data. For example, the I/O unit 208 may provide a con-
nection for user input through a keyboard, mouse, key-
pad, touchscreen, or other suitable input device. The I/O
unit 208 may also send output to a display, printer, or
other suitable output device.

[0027] FIGURE 3A illustrates an example tank farm
architecture 300 with a tank farm gateway control inter-
face unit (CIU) according to this disclosure. FIGURE 3B
illustrates an example Enraf solution 301 according to
this disclosure. The embodiments of the tank farm archi-
tecture 300 and Enraf solution 301 illustrated in FIG-
URES 3A and 3B are for illustration only. FIGURES 3A
and 3B do not limit the scope of this disclosure to any
particular implementation.

[0028] The tank farm architecture 300 is used for mon-
itoring inventory levels in tanks. The tank farm architec-
ture 300 includes a tank inventory system 305, a com-
munication interface unit 310, a wireless device manager
(WDM) 315, a plurality of field devices 320, a serial to
TCP conversion unit 325, a wireless switch 330, a wire-
less controller 335, and a wireless network 340.

[0029] EnrafFlexline radar and wireless field interface
(WFI) servo gauge field devices 320 are a family of tech-
nically advanced radar level/servo gauges that interop-
erate with Enraf applications, such as Engauge or Entis
Pro. Enraf integration allows Enraf applications to com-
municate with wireless FlewLine/WFI field devices over
wireless networks 340, such as ISA100 wireless network.
[0030] Enraf applications run on a communication in-
terface unit (CIU) 310, which serves as the data acqui-
sition unit for tank measurement equipment, continuous-
ly scanning gauge data. The CIU 310 is used to calculate
accurate tank inventory data according to international
standardized calculation methods, such as the API,
ASTM, GPA and many others.

[0031] The CIU 310 is required for both wired as well
Wireless Flexline\WFI field devices. A OneWireless gate-
way is required for communicating with wireless devices,
serves as a data acquisition unit for wireless transmitter,
serves this data to CIU 310, and manages all of the wire-
less network. Wireless tank gauging systems or tank farm
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architecture 300 require extra hardware other than the
CIU 310, such as a wireless device manager (WDM) 315,
a serial to TCP conversion unit 325, such as Lantronix,
for converting TCP to Serial and serving as bridge be-
tween WDM 315 and CIU 310. This extra hardware adds
lot of cost. Also, due to limitation in number of devices
under monitoring by the CIU 310, each site can require
multiple CIUs 310 to support the number of wireless
gauges in a tank gauging system. In this case, if both
wired and wireless solutions are present, an additional
cost is added since they have to install different CIU 310
for both wired and wireless solutions. A WDM 315 sup-
ports a maximum of twelve TCP clients. Since each CIU
port can support thirteen wireless gauges of the field de-
vice 320, at least three ClUs 310 are required for 150
wireless gauges or field devices 320. Redundancy in-
creases the amount of components required adding fol-
lowing extra costs for redundant Serialto TCP conversion
unit 325, redundant switches for Lantronix, GPU cards,
etc.

[0032] Integrating Enraf application with OneWireless
applications involves physically connected Enraf equip-
ment to the WDM 315, enabling the Enraf interface on
the WDM 315, and configuring Enraf applications. The
WDM 315 is connected to the CIU 310 through serial to
TCP conversion unit 325, such as Lantronix DP-Xpress.
The CIU 310 also connects to Entis Pro/Engauge appli-
cations. The WDM 315 can support multiple connections
including Ethernet or serial.

[0033] The Enraf solution includes the Enraf applica-
tion sending a message to the WDM 315 over CIU 310.
The WDM 315 forwards the message to a field device
320, such as a wireless FlewLine/WFI. The field devices
320 processes the message and sends response to the
WDM 315. The WDM 315 forwards the response to the
Enraf application on the CIU 310. The CIU 310 does not
communicate directly over a wireless connection.
[0034] Since a CIU 310 uses a gauge processing unit
(GPU) (serial connection) protocol for communication
and a WDM 315 uses TCP/UDP for communication, an
extra serial to TCP/UDP (Ethernet) converter is needed
between the CIU 310 field port and the WDM 315. The
additional Ethernet switch 330 adds in an extra cost for
each Serial to TCP conversion unit 325 (serial to TCP
converter). Extra cabling is also needed for the additional
Serial to TCP conversion unit 325. Converting from wired
to wireless also adds in extra hardware WDMs 315 that
manage the Wireless Gauges.

[0035] The CIU 310 serves as a data acquisition unit
of tank gauging instruments, and continuously scans re-
al-time data. All real-time measurement data is then used
to calculate accurate tank inventory data using interna-
tional standardized methods of calculation, such as API
and ASTM among others. All measured and calculated
data is instantly available for use by host applications,
such as tank inventory systems, distributed control sys-
tems (DCSs), and programmable logic controllers
(PLCs).
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[0036] The WDM 315 provides for designing, commis-
sioning, configuring, and monitoring a wireless network
340 and associated wireless field devices 320 from a
centralized location. The WDM 315 acts as a network
gateway enabling third-party applications (Enraf, Mod-
bus, OPC, DCS, etc.) to communicate with wireless field
devices 320.

[0037] FIGURE 4A illustrates an example WDM hard-
ware 401 incorporating a CIU application and an En-
raf/CIU interface application according to this disclosure.
FIGURE 4B illustrates an example tank farm architecture
400 with a WDM hardware incorporating a CIU applica-
tion and an Enraf/CIU interface application according to
this disclosure. The embodiments of the WDM hardware
401 and tank farm architecture 400 illustrated in FIG-
URES 4A and 4B are for illustration only. FIGURES 4A
and 4B do not limit the scope of this disclosure to any
particular implementation.

[0038] The tank farm architecture 400 is used for mon-
itoring inventory levels in tanks. The tank farm architec-
ture 400 includes a tank inventory system 405, a wireless
device manager (WDM) 415, a plurality of field devices
420, a wireless controller 435, and a wireless network
440.

[0039] The CIU applications are ported in the WDM
415 in such a manner that the CIU applications can com-
municate with the Enraf/CIU interface onewireless appli-
cation on the WDM 415 through soft ports. The 12 soft-
ware ports of the WDM 415 can be divided between CIU
applications and onewireless applications and the gaug-
es can be configured under each port. No extra hardware
like CIU 310 is needed. With this solution, the ClUs 310,
serial-to-Ethernet Lantronix convertors, and possible
Ethernet switches can all be eliminated or removed.
Since both WDM 415 and the CIU applications run in a
single WDM 415, the extra Serial to TCP conversion unit
325 and associated cabling are not required. The com-
bination WDM 415 reduces four Serial to TCP conversion
unit 325 per CIU 310. The number of switches 330 are
also reduced because Serial to TCP conversion unit 325
is not required. WDM directly communicates to the tank
inventory system over the Ethernet. WDM applications
provide easy integration with Experion, Modbus etc. The
Onewireless CIU solution can support at least 150 wire-
less gauges and increase the capacity by 250%.
[0040] FIGURE 5A illustrates an example CIU hard-
ware 501 incorporating a CIU application and onewire-
less applications according to this disclosure. FIGURE
5B illustrates an example tank farm architecture 500 with
a CIU hardware incorporating a CIU application and
onewireless applications according to this disclosure.
The embodiments of the ClU hardware 501 and tank farm
architecture 500 illustrated in FIGURES 5A and 5B are
for illustration only. FIGURES 5A and 5B do not limit the
scope of this disclosure to any particular implementation.
[0041] The tank farm architecture 500 is used for mon-
itoring inventory levels in tanks. The tank farm architec-
ture 500 includes a tank inventory system 505, a com-
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munication interface unit 510, a plurality of field devices
520, a wireless controller 535, and a wireless network
540.

[0042] The Onewireless Applications can be ported in
CIU hardware 510 in such a way that the CIU applications
can communicate with the Enraf/CIU interface of a Onew-
ireless application using software ports. The CIU hard-
ware 510 can include 12 soft ports divided between CIU
applications and Onewireless applications and the gaug-
es can be configured under each port.

[0043] FIGURE 6illustratesa hybrid CIU hardware 600
with both wired and wireless gauge support on a single
hardware unit according to this disclosure. The embod-
iments of the hybrid CIU hardware 600 illustrated in FIG-
URE 6 is for illustration only. FIGURE 6 does not limit
the scope of this disclosure to any particular implemen-
tation.

[0044] The hybrid CIU hardware 600 is used for mon-
itoring inventory levels in tanks. The hybrid CIU hardware
600 includes a tank inventory system 605, a communi-
cation interface (CIU) hardware 610, a plurality of field
devices 620, a wireless controller 635, and a wireless
network 640. A wireless switch 630 can also be included
to communicate with differenttank inventory systems 605
[0045] The wireless applications 612 can be ported in
CIU hardware 610 in such a way that the CIU applications
611 can communicate over a wireless connection 655
with the Enraf/CIU interface of a Onewireless application
using software ports. The CIU hardware 610 can include
12 soft ports divided between CIU applications 611 and
wireless applications 612 and the gauges or field devices
620 can be configured under each soft port. The
GPU/BPM cards 645 on the CIU hardware 610 can be
also used for wired communication 650 with wired gaug-
esaswellas the tankinventory systems 605, which would
provide a hybrid CIU hardware 610 with both wired and
wireless communication with gauges orfield devices 620.
[0046] The hybrid CIU hardware 610 would not require
extra hardware like a WDM for managing wireless net-
works. This way the system is reduced by two WDMs per
installation. Since both WDM and CIU hardware runs in
asingle wireless CIU hardware, Serial to TCP conversion
unit 325 and associated cabling are not required. This
way the system is reduced by four Serial to TCP conver-
sion unit 325 per CIU hardware. The number of switches
is also reduced because of the reduction in required Se-
rial to TCP conversion unit 325. Both wired and wireless
tank farming are provided in a single hardware (a hybrid
wireless CIU).

[0047] In case of only wireless tank farming, BPM
cards are notrequired in the CIU hardware further reduc-
ing the system by four BPM cards and other extra hard-
ware on CIU hardware. The WDM application provides
easy integration with Experion, Modbus etc. The hybrid
CIU hardware can support at least 150 wireless gauges
and increases the capacity by 200%.

[0048] An option to use cached data provided by the
WDM to CIU hardware is presented either through soft
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ports or Modbus communication. This option would allow
the hybrid CIU hardware to support more wireless Enraf
gauges.

[0049] FIGURE 7 illustrates an example method for
wired and wireless tank gauging systems on a flexible
common gateway hardware according to this disclosure.
For example, the process depicted in FIGURE 7 may be
performed in conjunction with the WDM hardware 415 in
FIGURE 4, the CIU hardware 510 in FIGURE 5, and the
CIU hardware 610 in FIGURE 6.

[0050] Inoperation 705, the hardware device receives,
via a serial connection, a command message from a tank
inventory system using a CIU application. The hardware
device communicates using a control application with a
tank inventory system that operates over a serial con-
nection. The CIU application 611 communicates with the
tank inventory system 605. The CIU application aggre-
gates the data from the field device 620.

[0051] In operation 710, the hardware device trans-
mits, via an Ethernet connection, the command message
to tank gauging equipment using a wireless application.
The hardware device communicates using a wireless ap-
plication 612 with tank gauging equipment that operates
over an Ethernet connection. The wireless application
612 operates with the CIU application 611 to translate
the data received from the field device 620 to information
used by the tank inventory system 605. The Ethernet
connection can includes a plurality of Ethernet connec-
tions configured to communicate with the tank gauging
equipment using the wireless application. Each of the
Ethernet connections can include a software port. Each
software port can allow communication between the CIU
application and the wireless application. The tank gaug-
ing equipment can be divided among the software ports.
[0052] In certain embodiment, the serial connection
can include a plurality of serial connections. The CIU ap-
plication determines whether a request is to be transmit-
ted to a wired tank gauging equipment or a wireless tank
gauging equipment. A number of the plurality of serial
connections can be used to communicate with wired tank
gauging equipment in parallel with communication of
wireless tank gauging equipment using the CIU applica-
tion. The CIU application communicates with the wired
tank gauging equipment over the serial connections or
the wireless tank gauging equipment over the Ethernet
connections.

[0053] Inoperation 715, the hardware device receives,
using the Ethernet connection, aresponse message from
the tank gauging equipment using the wireless applica-
tion.

[0054] In operation 720, the hardware device trans-
mits, using the serial connection, the response message
to the tank inventory system using the CIU application.
[0055] Although FIGURE 7 illustrates one example of
a method 700 for wired and wireless tank gauging sys-
tems on a flexible common gateway hardware, various
changes may be made to FIGURE 7. For example, var-
ious steps shown in FIGURE 7 could overlap, occur in
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parallel, occur in a different order, or occur any number
of times.

[0056] It may be advantageous to set forth definitions
of certain words and phrases used throughout this patent
document. The terms "transmit," "receive," and "commu-
nicate," as well as derivatives thereof, encompasses both
direct and indirect communication. The terms "include"
and "comprise," as well as derivatives thereof, mean in-
clusion without limitation. The term "or" is inclusive,
meaning and/or. The phrase "associated with," as well
as derivatives thereof, may mean to include, be included
within, interconnect with, contain, be contained within,
connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate
to, be bound to or with, have, have a property of, have a
relationship to or with, or the like. The phrase "at least
one of," when used with a list of items, means that dif-
ferent combinations of one or more of the listed items
may be used, and only one item in the list may be needed.
For example, "at least one of: A, B, and C" includes any
of the following combinations: A, B, C, A and B, A and
C,BandC, and Aand B and C.

[0057] While this disclosure has described certain em-
bodiments and generally associated methods, altera-
tions and permutations of these embodiments and meth-
ods will be apparent to those skilled in the art. Accord-
ingly, the above description of example embodiments
does not define or constrain this disclosure. Other chang-
es, substitutions, and alterations are also possible with-
out departing from the spirit and scope of this disclosure,
as defined by the following claims.

Claims

1. A communication interface (CIU) apparatus (610) in
a tank gauging system (600), the CIU apparatus
comprising:

a serial connection (650) configured to commu-
nicate with a tank inventory system (605);

an Ethernet connection configured to connect
to a switch (635) for wireless communication
(655) with tank gauging equipment (620);

a memory (210) configured to store a CIU ap-
plication (611) and a wireless application (612);
and

a processor (202) coupled to the memory, serial
connection and the Ethernet connection, the
processor configured to:

receive (705), via the serial connection, a
command message from the tank inventory
system using the CIU application,

transmit (710), via the Ethernet connection,
the command message to the tank gauging
equipment using the wireless application,
receive (715), via the Ethernet connection,
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aresponse message from the tank gauging
equipment using the wireless application,
and

transmit (720), using the serial connection,
the response message to the tank inventory
system using the CIU application.

2. The CIU apparatus of Claim 1, wherein the Ethernet
connection includes a plurality of Ethernet connec-
tions configured to communicate with the tank gaug-
ing equipment using the wireless application.

3. The CIU apparatus of Claim 2, further comprising a
software port for each of the plurality of Ethernet con-
nections.

4. The CIU apparatus of Claim 3, wherein each soft-
ware port is configured to communicate between the
CIU application and the wireless application.

5. The CIU apparatus of Claim 4, wherein the tank
gauging equipment is divided among the software
ports.

6. The CIU apparatus of Claim 1, wherein the serial
connection includes a plurality of serial connections
(645).

7. The CIU apparatus of Claim 6, wherein a number of
the plurality of serial connections are used to com-
municate with wired tank gauging equipment in par-
allel with communication of wireless tank gauging
equipment using the CIU application.

8. A tank gauging system (600) comprising:

a tank inventory system (605) configured to
monitor an inventory in a tank;

a tank gauging equipment (620) configured to
measure a level of the inventory in the tank; and
a communication interface (CIU) apparatus
(610) of any of Claims 1-7.

9. A method (700) of a communication interface (CIU)
apparatus (610) in a tank gauging system (600) com-
prising:

receiving (705), via a serial connection (650), a
command message from a tank inventory sys-
tem (605) using a CIU application (611);
transmitting (710), via an Ethernet connection,
the command message to tank gauging equip-
ment (620) using a wireless application (612);
receiving (715), via the Ethernet connection, a
response message from the tank gauging equip-
ment using the wireless application; and
transmitting (720), using the serial connection,
the response message to the tankinventory sys-



10.

1.

12.

13.

14.
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tem using the CIU application.

The method of Claim 9, wherein the Ethernet con-
nection includes a plurality of Ethernet connections
configured to communicate with the tank gauging
equipment using the wireless application.

The method of Claim 9, wherein each of a plurality
of Ethernet connections includes a software port.

The method of Claim 11, wherein each software port
is configured to communicate between the CIU ap-
plication and the wireless application.

The method of Claim 9, wherein the serial connection
includes a plurality of serial connections (645).

The method of Claim 13, wherein a number of the
plurality of serial connections are used to communi-
cate with wired tank gauging equipment in parallel
with communication of wireless tank gauging equip-
ment using the CIU application.
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